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1
WRIST ARCHITECTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 16/331,672, filed Mar. 8, 2019, which 1s a U.S. National
Stage Application of PCT/US2017/050734, filed September
2017, which claims the benefit of U.S. Application No.
62/385,621, filed Sep. 9, 2016; each of which are 1incorpo-

rated by reference herein in their entirety.

BACKGROUND

Minimally invasive surgical techniques are aimed at
reducing the amount of extraneous tissue that 1s damaged
during diagnostic or surgical procedures, thereby reducing
patient recovery time, discomiort, and deleterious side
cllects. As a consequence, the average length of a hospital
stay for standard surgery may be shortened significantly
using mimmally mnvasive surgical techniques. Also, patient
recovery times, patient discomifort, surgical side effects, and
time away from work may also be reduced with minimally
Invasive surgery.

A common form of minimally mvasive surgery 1s endos-
copy, and a common form of endoscopy 1s laparoscopy,
which 1s minimally invasive inspection and/or surgery inside
the abdominal cavity. Reloadable stapling devices can be
used 1 conjunction with these surgeries. Telesurgically
controlled stapling devices can include servo controlled
wrist joints that yaw and pitch at relatively extreme angles
(e.g., up to and over 90 degrees). Such joints can place a
large amount of strain on actuation components that must
translate through the wrist at such angles. Accordingly,
current actuation devices are often limited by the ability of
actuation components to function under extreme angles.

BRIEF SUMMARY

Embodiments disclosed herein relate to surgical devices
having wrists that can yaw and pitch at relatively large
angles. Such wrists can have a yaw axis spatially separated
from a pitch axis, with both such axes being perpendicular
to one another as well as a longitudinal axis that defines the
extension ol an arm or shait of a telesurgically controlled
device. In some cases, the yaw and pitch angles can be up
to 45, 60, or 90 degrees.

Such pitch and yaw angles require an extremely flexible
actuation mechanism for opening and closing jaws of the
surgical device and optionally actuating other implements
such as cutting and/or stapling devices. In some embodi-
ments, an actuation mechanism can include a pushing com-
ponent. The pushing component can be adapted to be highly
compressible under extreme angles, while being extremely
flexible. The pushing component may not however, be well
suited to tensile forces. Accordingly a separate pulling
component can be used to apply tensile force for proximal
movement and actuation of the surgical device. In a similar
manner, the pulling component may not be well suited for
compressive forces. However, the combination of the push-
ing and pulling component into one integrated device can be
cllectively used for both compressive and tensile force
application (1.e., pushing and pulling) to actuate components
of an end eflector of a surgical device.

The pushing component and the pulling component can
be mtegrated along a shared axis with the pushing compo-
nent being concentrically arranged about the pulling com-
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ponent. In some embodiments, the pushing component
includes a coiled spring and the pulling component includes
a braided cable. Alternatively the pulling component can be
concentrically arranged about the pushing component.

To enable a high degree of wrist tlexibility, the wrist
assembly can be constructed from outer links that define
yaw and pitch geometry for the wrist assembly. The outer
links can house a flexible portion of the actuation mecha-
nism. However, compression of the actuation mechanism
within a wrist can cause buckling and decrease efliciency of
force transmission. To help mitigate such issues, inner links
can be provided that connect the outer links to one another.
The imnner links can define a passage that constrains and
limits lateral movement of the actuation mechanism, and
thus mitigate buckling.

Thus, 1n one aspect, an apparatus includes an elongated
shaft, an end eflector, and a wrist assembly. The elongated
shaft extends along a first axis. The end effector includes an
upper jaw and a lower jaw. The wrist assembly moveably
connects the end eflector to the elongated shaft. The wrist
assembly includes a first outer link, a first mner link, and a
second outer link. The first outer link 1s connected to the
clongated shaft and movably coupled to the second outer
link by the first inner link. The first outer link, the first inner
link, and the second outer link define a proximal joint. A
medial surface of the first outer link and a medial surface of
the second outer link define a lumen 1n which the first inner
link 1s disposed. The medial surface of the first outer link
defines at least a first recess and the medial surface of the
second outer link defines at least a second recess. A radial
surface of the first inner link 1includes at least a first protru-
s1on and a second protrusion. The first protrusion of the first
iner link engages the first recess. The second protrusion of
the mner link engages the second recess.

In some embodiments of the apparatus, the wrist assem-
bly 1s operable to reorient to the end eflector relative to the
clongated shait about an axis that 1s perpendicular to the first
axis. For example, 1n some embodiments of the apparatus,
the proximal jomt extends along a second axis that i1s
perpendicular to the first axis.

In some embodiments of the apparatus, the wrist assem-
bly 1s operable to reorient to the end eflector relative to the

clongated shait about each of two axes that are perpendicu-
lar to the first axis. For example, the wrist assembly can
further include a second 1nner link and a third outer link. The
third outer link 1s connected to the end eflector and move-
ably coupled to the second outer link by the second inner
link. The third outer link, the second inner link, and the
second outer link define a distal joint. The wrist assembly
can be configured to yaw and pitch at the proximal and distal
joints, respectively. In some embodiments of the apparatus,
cach of the first inner link and the second inner link includes
first and second clevis protruding journals.

In some embodiments of the apparatus, the wrist assem-
bly has an interior passage through which an actuation
component extends. For example, some embodiments of the
apparatus include an elongated drive member drivingly
coupled with the end effector and extending through an
interior passage defined by the first inner link. In some
embodiments of the apparatus, the elongated drive member
1s operable to apply a distally directed force to the end
cllector. In some embodiments, the interior passage 1is
closely formed about the elongated drive member to prevent
the elongated drive member from buckling while applying
the distally directed force to the end eflector. In some
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embodiments, the wrist assembly includes an inner sheath
within the interior passage through which the elongated
drive member extends.

In some embodiments of the apparatus, the first outer link
and the second outer link interface so as to control relative
orientation between the first outer link, the first inner link,
and the second outer link during articulation of the wrist
assembly. For example, 1n some embodiments, the first outer
link and the second outer link include intermeshing gear
teeth that control relative orientation between the first outer
link, the first inner link, and the second outer link through a
range of orientations between the second outer link and the
first outer link. In some embodiments, the first inner link 1s
passively constrained by the first outer link and the second
outer link.

In another aspect, an apparatus includes an elongated arm,
and end eflector, an elongated drive member, and a wrist
assembly. The elongated arm extends along a first axis.

The end effector includes an upper jaw and a lower jaw.
The elongated drive member extends from the elongated
arm and 1s drivingly coupled with the end eflector for
actuation of the end eflector. The wrist assembly moveably
connects the elongated arm to the end eflector. The wrist
assembly includes a plurality of outer links and a plurality of
inner links. The wrist assembly 1s operable to yaw and pitch
the end eflector relative to the elongated arm. The inner links
define an mner passage between the elongated arm and the
end effector through which the elongated drive member
extends.

In some embodiments of the apparatus, the wrist assem-
bly 1s operable to reorient to the end eflector relative to the
clongated shaft about an axis that 1s perpendicular to the first
axis. For example, 1n some embodiments of the apparatus,
the wrist assembly includes a proximal joint that extends
along a second axis perpendicular to the first axis.

In some embodiments of the apparatus, the wrist assem-
bly 1s operable to reorient to the end eflector relative to the
clongated shait about each of two axes that are perpendicu-
lar to the first axis. For example, the wrist assembly can
turther imnclude a distal joint that extends along a third axis
perpendicular to the first axis and the second axis. In some
embodiments, the wrist assembly 1s configured to yaw at the
proximal joint and pitch at the distal joint. In some embodi-
ments, each of the mner links comprises first and second
protruding journals.

In some embodiments of the apparatus, the wrist assem-
bly has an interior passage through which an actuation
component extends. For example, some embodiments of the
apparatus, the interior passage 1s closely formed about the
clongated drive member to prevent the elongated drive
member from buckling under compression. In some embodi-
ments, the wrist assembly includes an inner sheath within
the interior passage and through which the elongated drive
member extends.

In some embodiments of the apparatus, the outer links
interface so as to control relative orientation between the
outer links and the mnmer links. For example, in some
embodiments, the outer links include intermeshing gear
teeth that control relative orientation between the outer links
and the 1mner links through a range of orientations between
the outer links. In some embodiments, the inner links are
passively constrained by the outer links.

In some embodiments, the wrist assembly 1s actuated via
tension members. For example, 1n some embodiments, the
apparatus icludes cable portions that extend through por-
tions of the outer links and are articulated to articulate the
wrist assembly.
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In another aspect, a surgical device includes an elongated
shaft, an end eflector, and a wrist assembly. The elongated
shaft extends along a first axis. The end effector includes an
upper jaw and a lower jaw. The wrist assembly moveably
connects the end eflector to the elongated shaft. The wrist
assembly includes a first outer link, a first mner link, and a
second outer link. The first outer link 1s connected to the
clongated shaft and includes first gear teeth. The first inner
link 1s pivotally coupled with the first outer link to rotate
relative to the first outer link around a second axis oriented
perpendicular to the first axis. The second outer link 1s
pivotally coupled with the first inner link to rotate relative to
the first inner link around a third axis parallel to the second
axis and offset from the second axis. The second outer link
includes second gear teeth that interface with the first gear
teeth and control orientation of the first inner link relative to
the first outer link and the first outer link throughout a range
ol onientations of the second outer link relative to the first
outer link.

The first inner link can be pivotally coupled with the first
outer link and the second outer link using any suitable pivot
connection. For example, in some embodiments of the
surgical device: the first inner link includes a first pair of
protruding journals aligned with the second axis and a
second pair of protruding journals aligned with the third
axis, the first outer link comprises a pair of first outer link
journal bearings interfacing with the first pair of protruding,
journals, and the second outer link comprises a pair of
second outer link journal bearings interfacing with the
second pair of protruding journals.

The first inner link, the first outer link, or the second outer
link can have a multiple-piece construction to facilitate
assembly of the wrist assembly. For example, 1n some
embodiments of the surgical device, the first inner link has
a multiple-piece construction comprising a first iner link
first portion and a first inner link second portion. In some
embodiments of the surgical device, the first inner link first
portion and the first inner link second portion are configured
to be interfaced with one of the first outer link and the second
outer link via rotation of each of the first inner link first
portion and the first inner link second portion relative to the
one of the first outer link and the second outer link. In some
embodiments of the surgical device, the other of the one of
the first outer link and the second outer link has a multiple-
piece construction adapted to accommodate assembly to the

first inner link after the first inner link 1s assembled with the
one of the first outer link and the second outer link.

In some embodiments of the surgical device, the wrist
assembly forms an aperture through which an actuation
assembly extends. For example, in some embodiments, the
first mner link forms the aperture and the surgical device
includes an elongated drive member that extends through the
aperture and 1s drivingly coupled with the end eflector to
actuate a mechanism of the end effector.

In some embodiments of the surgical device, the wrist
assembly 1s cable driven and configured to react both
proximally-directed loads and distally-directed loads
applied to the end effector without relying on cable tension
to react the distally-directed loads to keep the wrist assembly
components from separating. For example, in some embodi-
ments, the surgical device includes cable portions drivingly
coupled with the wrist assembly and articulated to articulate
the wrist assembly and the first inner link 1s configured to
react both tension and compression loads applied to the end
cllector by the drive member back to the first outer link so
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as to keep the second outer link intertaced with the first outer
link even in the absence of any of the cable portions being
under tension.

In some embodiments of the surgical device, the wrist
assembly 1s operable to reorient to the end effector relative
to the elongated shaft about each of two axes that are
perpendicular to the first axis. For example, the wrist assem-
bly can further include a second inner link and a third outer
link. The second 1nner link can be pivotally coupled with the
second outer link to rotate relative to the second outer link
around a fourth axis oriented perpendicular to the first axis
and to the third axis. The third outer link can be pivotally
coupled with the second inner link to rotate relative to the
second inner link around a fifth axis parallel to the fourth
axis and offset from the fourth axis. The third outer link can
include gear teeth that interface with gear teeth of the second
outer link and control orientation of the second inner link
relative to the third outer link and the second outer link
throughout a range of orientations of the third outer link
relative to the second outer link.

The second imner link can be pivotally coupled with the
second outer link and the third outer link using any suitable
pivot connection. For example, 1n some embodiments of the
surgical device: the second inner link includes a first pair of
protruding journals aligned with the fourth axis and a second
pair of protruding journals aligned with the fifth axis, the
second outer link includes a pair of second outer link journal
bearings interfacing with the first pair of protruding journals
of the second 1nner link; and the third outer link includes a
pair of third outer link journal bearings interfacing with the
second pair of protruding journals of the second inner link.

The second 1nner link, the second outer link, or the third
outer link can have a multiple-piece construction to facilitate
assembly of the wrist assembly. For example, in some
embodiments of the surgical device, the second 1nner link
has a multiple-piece construction comprising a second inner
link first portion and a second inner link second portion. In
some embodiments, the second inner link first portion and
the second inner link second portion are configured to be
interfaced with one of the second outer link and the third
outer link via rotation of each of the second inner link first
portion and the second inner link second portion relative to
the one of the second outer link and the third outer link. In
some embodiments, the other of the one of the second outer
link and the third outer link has a multiple-piece construc-
tion adapted to accommodate assembly to the second inner
link after the second inner link 1s assembled with the one of
the second outer link and the third outer link.

In some embodiments of the surgical device, the wrist
assembly forms an aperture through which an actuation
assembly extends. For example, in some embodiments, the
second inner link forms a second inner link aperture. The
surgical device can include an elongated drive member that
extends through the second inner link aperture and 1s driv-
ingly coupled with the end effector to actuate a mechanism
of the end eflector.

In some embodiments of the surgical device, the wrist
assembly 1s cable driven and configured to react both
proximally-directed loads and distally-directed loads
applied to the end effector without relying on cable tension
to react the distally-directed loads to keep the wrist assembly
components Irom separating. For example, the surgical
device can include cable portions drivingly coupled with the
wrist assembly and articulated to articulate the wrist assem-
bly. The first mner link and the second inner link can be
configured to react both tension and compression loads
applied to the end effector by the drive member back to the
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first outer link so as to keep the third outer link interfaced
with the second outer link and the second outer link inter-

faced with the first outer link even in the absence of any of
the cable portions being under tension.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C show views of a surgical tool, according to
many embodiments.

FIGS. 2A, 2B, and 2C shows a perspective, side, and
bottom views of a surgical tool, according to many embodi-
ments.

FIGS. 3A and 3B show cross-sectional views of a surgical
tool, according to many embodiments.

FIG. 4A shows a perspective view of an actuation mecha-
nism, according to many embodiments.

FIG. 4B shows a cross-sectional view of an actuation
mechanism, according to many embodiments.

FIGS. 4C and 4D show perspective views ol pushing
members, according to many embodiments.

FIG. 4E shows a cross-sectional view of an actuation
mechanism, according to many embodiments.

FIG. SA shows a perspective view of a wrist assembly,
according to many embodiments.

FIG. 5B shows a cross-sectional view of a wrist assembly,

according to many embodiments.

FIG. 5C shows a perspective view ol an outer link
assembly, according to many embodiments.

FIGS. 6A-6C show a method of assembling a wrist
assembly, according to many embodiments.

DETAILED DESCRIPTION

FIGS. 1A-1C show a surgical tool 10 that includes a

proximal chassis 12, an istrument shatt 14, and a distal end
cllector 16 having an upper jaw 18 that can be articulated to
orip a patient tissue. The proximal chassis 12 includes mput
couplers 22 that may interface with and be driven by
corresponding output couplers of a telesurgical surgery
system, such as the system disclosed within Pub. No. US
2014/0183244 Al, which 1s incorporated by reference
herein. The iput couplers 22 are drivingly coupled with one
or more input members that are disposed within the instru-
ment shaft 14. The input members are drivingly coupled
with the end effector 16. As shown at FIGS. 1B and 1C,
input couplers 22 of the proximal chassis 12 can be adapted
to mate with various types of motor packs 13, such as stapler
specific motor packs disclosed at U.S. Pat. No. 8,912,746, or
the umiversal motor packs disclosed at U.S. Pat. No. 8,529,
582, which are incorporated by reference herein.

FIGS. 2A-2C show perspective, side, and top views of a
distal end of the surgical tool 10 including the end effector
16. End eflector 16 1s moveably connected to the mstrument
shaft 14 by a wrist assembly 24. The wrist assembly 24 has
at least two degree of freedom and provides for attachment
of the end effector 16 to the elongated instrument shait 14
for articulation of the end effector 16 about two orthogonal
axes relative to the mstrument shait 14. The wrist assembly
24 1s configured to yaw about axis 2-2, which 1s perpen-
dicular to axis 1 that the instrument shait 14 extends along.
The wrist assembly 24 is also configured to pitch about axis
3, which 1s perpendicular to axis 1 and axis 2. As shown, the
yaw axis 2 1s proximal (farther from the end eflector 16) to
the pitch axis 3, however this 1s not a requirement and in
some embodiments the yaw axis 2 1s distal to the pitch axis

3.
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FIGS. 3A and 3B are a cross-sectional views showing
details of end eflector 16 that include the upper jaw 18 and
a lower jaw 26. The lower jaw 26 can be configured to
accommodate and support a removable or non-removable
stapling cartridge. The upper jaw 18 1s pivotally coupled
with the lower jaw 26 to articulate relative to the lower jaw
26 to clamp tissue. A beam member 28 1s driven from a
proximal state shown at FIG. 3A to a distal state shown at
FIG. 3B to actuate the upper jaw 18. Movement of the beam
member 28 can serve to forcibly secure the upper jaw 18
over tissue with respect to the lower jaw 16. Optionally, the
beam member 28 can also allow for cutting tissue and
deploying staples from the cartridge into the cut tissue.

The beam member 28 includes an upper beam portion 30
that 1s configured to slide within a rail feature 32 of the upper
jaw 18. The rail feature 32 includes a ramp 34 for the upper
beam portion 30 to engage from a proximal most garage area
36. The open position shown at FIG. 3A can be maintained
by a resilient device, such as a spring, or opened and closed
by a secondary mechanism (not shown). Partial closure of
the upper jaw 18 can be aflected by distal movement of the
upper beam portion 30 onto the ramp 34. Complete closure
of the upper jaw 18 1s achueved when the upper beam portion
30 1s moved distally past the ramp 34 and onto the rail
teature 32. Proximal movement of the upper beam portion
30 off of the ramp 34 removes the closure force applied by
the beam member. A resilient device or secondary mecha-
nism can then cause a closed or partially closed upper jaw
18 to open. Thus, back and forth movement of the upper
beam portion 30 along the ramp 34 can toggle the end
ellector 16 open and closed.

The beam member 28 also includes a lower beam portion

38 that configured to slide within a rail feature 32 of the
lower jaw 18. The lower beam portion 38 can actuate a sled
(such as disclosed i Pub. No. US 2014/0183244 Al)
configured for ejecting staples out the lower jaw 26 during
distal movement of the beam member 28. Alternatively, the
lower beam portion 30 can be integrated with such a sled.

FIG. 4A shows a perspective view of the beam member
28. Here, the upper beam portion 30 includes an integrated
cutting member 40 that 1s configured to cut tissue. However,
in other embodiments a tissue cutting device can be separate
from the beam member 28 or implemented into the beam
member 28 1n a different manner. The upper beam portion 30
includes an upper flange 42, which transversely extends
from the integrated cutting member 40. The gliding portion
42 1s configured to directly interface with the rail feature 32
and ramp 34. In a similar manner a lower flange 44 1is
provided to slide with a rail feature of the lower jaw 26. An
clongated drive member 46 1s attached to the beam member
28 for providing distal and proximal movement to the drive
member 46.

FIG. 4B shows a cross-sectional view of the beam mem-
ber 28 and drive member 46. The drive member 46 includes
a pushing member 48 and a pulling member 50. The pushing
member 48 1s configured as a close-coiled spring and 1s
adapted for translating axial force applied by a drive rod 52.
The pushing member 48 can be externally constrained by a
sheath 54, which can be constructed from a lubricous
polymer material such as P1FE. The coiled design of the
pushing member 48 allows compressive force to be trans-
lated effectively to the beam member 28 to push the beam
member 28 1n the distal direction. The pushing member 48
can be constructed from a coiled wire in the conventional
manner or be spirally cut from a tube. In some cases, the
compressive elements (e.g., coils) of the pushing member
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will separate under tension, and thus in such cases the
pushing member can only be eflective for transfer of com-
pressive forces.

The pulling member 50 can be constructed from a braided
cable or other flexible rod and retained within the beam
member 28 by crimp portion 56. In some cases, the pulling
member may be relatively ineflective for transfer of pushing,
forces as 1t can have the tendency to collapse or buckle on
itself, and thus 1n such cases the pulling member can only be
ellective for transfer of tensile forces. The pulling member
50 1s also adapted for translating axial force applied by a
drive rod 52. The drive rod 52 1s located within the 1nstru-
ment shaft 14 and 1s drivingly coupled to one or more of the
input couplers 22 shown at FIG. 1. The pulling member 50
allows tensile force to be translated eflectively from the
drive rod 352 to the beam member 28, to pull the beam
member 28 1n the proximal direction. The pushing member
48 and pulling member 50 operate in a complementary
manner to provide distal and proximal motion to the beam
member 28 by segregating tensile forces to the pulling
member 50 and the compressive forces to the pushing
member 48. This enables a very flexible and compact design
for the drive member 46, characteristics that enable the drive
member 46 to translate within the wrist 24, which can be
disposed at torturous yaw and pitch angles during operation.

The pushing member 1s not limited to a close-coiled
spring design as depicted at F1G. 4B. For example, a flexible
pushing member 58 as shown at FIG. 4C can be formed from
a solid tube by cutting a pattern into the solid tube to increase
bending tlexibility at the wrist without materially decreasing
compressive stiflness. Here, the pushing member 58 1is
formed by laser cutting a pattern into a metal tube. The
pattern here allows for tlexibility where gaps are formed in
the tube and axial stiflness where material 1s left 1n place.
Another example of a tlexible pushing member 1s depicted
at FIG. 4D, which shows a pushing member 60 having a
plurality of circumierential slits arranged in a spiraling
pattern.

FIG. 4E shows an alternative configuration of a drive
member 60. The configuration here 1s the opposite as what
1s depicted at FIG. 4B 1n which the pushing member 48 is
concentrically surrounds the pulling member 50. Here, the
drive member 60 includes a pulling member 62 configured
as an braided sheath that encapsulates a pushing member 64.
The pushing member 64 1s configured as a plurality of
spherical members (e.g., ball bearings) joined by a flexible
rod 66. Both the pushing member 64 and pulling member 62
are actuated by the drive rod 52, which 1s drivingly coupled
to one or more of the mput couplers 22 shown at FIG. 1.

FIGS. SA and 3B show perspective and cross-sectional
views ol the wrist assembly 24. The wrist assembly 24
includes a proximal outer link 100, a middle outer link 102,
and a distal outer link 104. These three links determine the
kinematic pitch and yaw motion of the wrist assembly 24. As
shown, the interface between the proximal outer link 100
and the middle outer link 102 determine yaw movement of
the wrist assembly 24. The interface between the outer distal
link 104 and the middle outer link 102 determine pitch
movement of the wrist assembly 24. However, 1n an alter-
native wrist configuration, this relationship can be reversed
such that the wrist assembly 24 pitches between the proxi-

mal outer link 100 and the middle outer link 102 and yaws
between the distal outer link 100 and the middle outer link
102 (e.g., by rotating the end eflector 16 relative to wrist
assembly 24 by 90 degrees).

Cable portions 106 are drivingly coupled with the wrist
assembly 24 and actuated to impart motion to the wrist
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assembly 24. In some embodiments, cable portions 106 can
be individually secured to a portion of the distal outer link
104. In an functionally equivalent alternate embodiment, as
shown at FIG. SA, cable portions 106 are looped about a
portion of the distal outer link 104 as shown. Looping cable
portions 106 to the distal outer link 104 can be used to secure
the cable portions 106 to the distal outer link 104. The cable
portions 106 can be articulated to articulate the wrist assem-
bly 24. Differential movement of the cable portions 106 can
be used to actuate the wrist assembly 24 to pitch and yaw at
various angles. The cable portions 106 can be drivingly
coupled to one or more of the mput couplers 22 shown at
FIG. 1. The wrist assembly also includes proximal inner link
108 and distal inner link 110, which are discussed in detail
below.

With attention to FIG. 5C, an exemplary embodiment of
a joint 112 1s shown that 1s representative of the interfaces
between the outer links shown at FIGS. 5A and 5B. The joint
112 includes a first link 114 and a second link 116. First link
114 may include gear teeth 118, 120 and a bearing projection
122. The second link 116 includes gear teeth 124, 126, 128
and a bearing projection 130. According to an exemplary
embodiment, projections 122, 130 of first and second links
114, 116 may include passages to permit cable portions 106
to pass through. Because bearing projections 122, 130 are
located at an outboard location relative to central apertures
134, 136 cable portions 106 extending through passages
adjacent to bearing projections 122, 130 also are located at
an outboard location. This allows for routing of other
mechanisms through the central apertures 134, 136. Actua-
tion kinematics between the links 114, 116 are determined
by the shape of the gear teeth 118, 120, 124, 126, 128, which
engage and disengage during movement. The bearing pro-
jections 122, 130 included curved surfaces that can engage
at suitable point throughout all angular motion to help
reduce compressive strain to the gear teeth 118, 120, 124,
126, 128.

Due to the enhanced range of motion provided by joint
112, a wrist including jomnt 112 may provide a desired
amount ol motion, such as +/-90 degrees 1n a pitch or yaw
direction, in a more eflicient manner with fewer parts. In
previous wrist structures in which each joint 1s limited to a
maximum roll angle of about 45 degrees, several such joints
in series are needed to achieve relatively large roll angle for
the entire wrist mechanism. In the 1llustrated embodiment, a
single joint 112 can provide up to a 90 degree angular
deflection. As a result, manufacturing cost and complexity
for a wrist that includes one or more joints 112 may be
reduced while still achieving desired angular deflection. In
addition, the gear teeth 118, 120, 124, 126, 128 included 1n
links 114, 116 of joint 112 can provide enhanced timing to
assist with accurately positioming links 114, 116, including,
for example, returning links 114, 116 to a neutral position
(e.g., zero angle roll alignment), and to enhance smoothness
of the motion between links 114, 116, such as when links
114, 116 are reornented relative to one another. According to
an exemplary embodiment, a wrist may include a plurality
of joints 112 to achieve higher ranges of motion (up to roll
limit angles), such as, for example, wrists having a range of
motion of up to +/-180 degrees 1n a pitch or yaw direction.
Additional details of joint 112, and other joints usable with
the embodiments disclosed herein, are disclosed in Intl. Pub.
No. WO 2015/127250, which 1s incorporated by reference
herein.

As shown at FIG. 5B, the proximal and distal inner links
108, 110 are spatially separated along axis 1 and ofiset 90
degrees from one another. Hence, the proximal internal link
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108 1s only partially shown. Radial surfaces of the proximal
and distal mner links 108, 110 include protrusions (e.g.
configured as protruding journals 140). The protrusions
interface with recesses (e.g. configured as journal bearings
142) at medial surfaces of the external links. In some
embodiments, the protruding journals 140 and the journal
bearings 142 set the distances between the outer links, but
otherwise are passive and do not alter joint kinematics of the
outer links which 1s determined by the geometry of the gear
teeth 118, 120, 124, 126, 128. Each side of the proximal and
distal mner links 108, 110 includes a pair of commonly
aligned protruding journals 120 that interface with the
journals bearings 142 for a total of four protruding journals
140 per inner link 108, 110. Each pair of protruding journals
140 1s separated to provide an internal passage 144 for the
drive member 46.

An additional internal sheath 146 can be used to further
support the drive member 46. The drive member 46 slides
axially within the internal sheath 146. The internal sheath
146 1s fixed to a distal end portion of the wrist assembly 24
and 1s tlexible to bend with movement of the wrist assembly
24 but does not move axially. The internal sheath 146 and
internal passage 144 provided by the mnner links 108, 110
serve to guide and constrain the drive member 46 during
axial movement. Internal sheath 146 and inner passage 144
prevent the drive member from buckling under compressive
loading (i.e. distal movement while cutting and stapling).
Prior wrist designs, such as disclosed in the aforementioned
Intl. Pub. No. WO 2015/127230, rely on tensioned cables to
maintain the outer links in position. Here, when the drive
member 46 moves 1 a distal direction the resulting com-
pressive force can be reacted by via the inner links 108, 110,
thereby preventing potential stretching and resulting loss in
tension 1n the cables 106. The protruding journals 140 of the
inner links 108, 110 advantageously maintain the outer links
in position when the drive member 46 moves 1n a distal
direction, therefore maintaining the structure of the wrist
assembly 24.

Each inner link 108, 110 can have a two-piece construc-
tion as depicted at FIGS. 6A through 6C, which also depict
a technique for assembling the mnner links to the outer links.
At FIG. 6A first link portion 108a and second link portion
1085 of the proximal inner link 108 are positioned to place
protruding journals 140 into journal bearings 142 of the
middle outer link 102. The first link portion 1084 and second
link portion 10856 are inserted at angles such that gear teeth
148 of each portion intermesh to cause alignment of the
portions into the formation shown at FIG. 6B. The gear teeth
148 are an assembly aid that eliminates the need for pins or
other fasteners, and are not used for movement beyond
assembly. However, 1n some embodiments, fasteners can be
used 1n lieu of the gear teeth. After the link portions 108a,
1085 are assembled into a complete inner proximal link 108,
the proximal outer link 100 1s assembled onto the remaining
exposed protruding journals 140 into the formation shown at
FIG. 6C. In one embodiment, as shown at FIG. 6C, proximal
outer link 100 1s also of two-piece construction.

Other varniations are within the spinit of the present
invention. The various aspects, embodiments, implementa-
tions or features of the described embodiments can be used
separately or in any combination. Various aspects of the
described embodiments associated with operation of tele-
surgical tools can be implemented by soitware, hardware or
a combination of hardware and software. Thus, while the
invention 1s susceptible to various modifications and alter-
native constructions, certain illustrated embodiments thereot
are shown 1n the drawings and have been described above 1n
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detail. It should be understood, however, that there 1s no
intention to limit the imvention to the specific form or forms
disclosed, but on the contrary, the intention is to cover all
modifications, alternative constructions, and equivalents
falling within the spirit and scope of the invention, as
defined 1n the appended claims.

The use of the terms “a” and “an” and “the” and similar
referents 1n the context of describing the mvention (espe-
cially i the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. The term “connected” 1s to be construed as partly or
wholly contained within, attached to, or joined together,
cven 1 there 1s something intervening. Recitation of ranges
of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
talling within the range, unless otherwise indicated herein,
and each separate value 1s incorporated into the specification
as 1f 1t were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, 1s
intended merely to better 1lluminate embodiments of the
invention and does not pose a limitation on the scope of the
invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the imventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill 1n the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein.
Accordingly, this mnvention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements 1n all
possible vanations thereof 1s encompassed by the mnvention
unless otherwise indicated herein or otherwise clearly con-

tradicted by context.

What 1s claimed 1s:
1. A surgical device comprising:
a shaft extending along a longitudinal axis;
an end eflector; and
a wrist assembly coupling the end effector to the shaftt, the
wrist assembly comprising:
a first outer link connected to the shait and comprising
first gear teeth;
an mner link pivotally coupled with the first outer link
to rotate relative to the first outer link around a first
axis oriented non-parallel to the longitudinal axis;
and
a second outer link pivotally coupled with the inner link
to rotate relative to the inner link around a second
axis parallel to and oflset from the first axis, the
second outer link comprising second gear teeth;
wherein the first gear teeth and the second gear teeth are
arranged to successively itermesh to control a rela-
tive orientation between the first outer link and the
second outer link.
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2. The surgical device of claim 1, wherein:

the iner link comprises a first pair of protruding journals
aligned with the first axis and a second pair of protrud-
ing journals aligned with the second axis;

the first outer link comprises a pair of first outer link

journal bearings interfacing with the first pair of pro-
truding journals; and

the second outer link comprises a pair of second outer link

journal bearings interfacing with the second pair of
protruding journals.

3. The surgical device of claim 1, wherein the inner link
has a multiple-piece construction comprising a first portion
and a second portion coupled to one another.

4. The surgical device of claim 3, wherein the first portion
and the second portion couple to one another along an
interface that extends generally along the longitudinal axis.

5. The surgical device of claim 3, wherein:

the surgical device further comprises a drive member

extending through the shaft and coupled with the end
cliector to transmit drive force to actuate the end
effector; and
the mmner link comprises an aperture through which the
drive member extends.
6. An mstrument comprising:
a shaft extending along a shaft axis;
an end eflector; and
a wrist assembly coupling the end eflector to the shait, the
wrist assembly comprising:
a first outer link coupled to the shaft;
a second outer link coupled to the end eflector; and

an mner link disposed radially inwardly of the first
outer link and the second outer link, the inner link
comprising a {irst end comprising a {irst journal and
a second end opposite the first end, the second end
comprising a second journal;

wherein:

the first outer link comprises a first journal bearing

rotatably engaged with the first journal of the inner
link;

the second outer link comprises a second journal bearing

rotatably engaged with the second journal of the 1inner
link;

the first outer link 1s configured to rotate relative to the

iner link about a first axis defined by the first journal
bearing and the first journal; and

the second outer link 1s configured to rotate relative to the

mner link about a second axis defined by the second
journal bearing and the second journal, the second axis
being parallel to and offset from the first axis.

7. The instrument of claim 6, wherein each of the first axis
and the second axis are perpendicular to the shait axis.

8. The instrument of claim 6, wherein the inner link 1s a
first mner link and the wrist assembly further comprises a
second 1nner link and a third outer link, the third outer link
being coupled to the end eflector and the second 1nner link
disposed radially mmward of the second outer link and the
third outer link and moveably coupling the second and third
outer links.

9. The instrument of claim 6, wherein:

the first journal bearing i1s one of a first pair of journal

bearings;

the second journal bearing i1s one of a second pair of

journal bearings;

the first journal 1s one of a first pair of journals rotatably

engaged with respective journal bearings of the first
pair of journal bearings; and
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the second journal 1s one of a second pair of journals
rotatably engaged with respective journal bearings of
the second pair of journal bearings.

10. The instrument of claim 9, wherein:

the first pair of journals are radially opposite one another
relative to the shaft axis; and

the first pair of journal bearings are radially opposite one
another relative to the shaft axis.

11. The instrument of claim 9, wherein:

the second pair of journals are radially opposite one
another relative to the shatt axis; and

the second pair of journal bearings are radially opposite
one another relative to the shatt axis.

12. The instrument of claim 6, wherein:

the shait defines a shaft lumen extending along a length of
the shaft;

the inner link defines an mner link lumen extending along
a length of the inner link; and

the instrument further comprises an elongated drive mem-
ber extending proximally from the end eflector and
through the mnner link lumen and the shaft lumen.

13. The instrument of claim 6, wherein:
the first outer link comprises first gear teeth; and

the second outer link comprises second gear teeth
arranged to successively intermesh with the

first gear teeth to control a relative orientation between the
first outer link and the second outer link.

14. The instrument of claim 6, further comprising one or
more cables extending through the first outer link and the
second outer link, wherein the first outer link and second
outer link are rotatable relative to one another in response to
force transmitted by the one or more cables.

15. The instrument of claim 6, wherein:
the first outer link comprises a {irst bearing surface;
the second outer link comprises a second bearing surtace;

the first outer link and second outer link are articulatable
relative to one another over a range of motion; and

the first bearing surface and the second bearing surface
are configured to engage one another throughout the
range of motion.
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16. An apparatus comprising;:

a chassis comprising a drive mechanism;

a shaft coupled to the chassis, wherein the shaft extends
along a shaft axis and defines a shaft lumen;

an end effector;

a drive member extending through the shaft lumen and
operably coupling the drive mechanism with the end

eflector for actuation of the end eflector; and

a wrist assembly comprising a plurality of outer links and

a plurality of inner links disposed radially inwardly of
the plurality of outer links, the wrist assembly coupling
the end effector to the shaft:

wherein:

cach 1ner link of the plurality of inner links 1s pivotally

coupled with two outer links of the plurality of outer
links,

the wrist assembly 1s moveable 1n yaw and pitch to orient

the end eflector relative to the shaft, and

the inner links define an 1mner passage through which the

drive member extends.

17. The apparatus of claim 16, wherein each of the outer
links comprises gear teeth, and wherein gear teeth of each
outer link of the plurality of outer links are arranged to
intermesh with gear teeth of another outer link of the
plurality of outer links.

18. The apparatus of claim 16, wherein:

cach of the outer links comprises one or more bearing,

surfaces; and

cach of the one or more bearing surfaces of one outer link

of the plurality of outer links 1s engaged with one or
more bearing surfaces of another outer link of the
plurality of outer links.

19. The apparatus of claim 16, wherein each 1nner link of
the plurality of inner links 1s rotatably coupled to an outer
link of the plurality of outer links such that each inner link
1s rotatable relative to each outer link about a respective axis
oriented normal to the shaft axis.

20. The apparatus of claim 16, further comprising one or
more cables extending through each outer link of the plu-
rality of outer links, wherein at least one outer link of the
plurality of outer links 1s rotatable relative to at least another
outer link of the plurality of outer links 1 response to
transmission of force by the one or more cables.
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